Context More than 1.5 million US adults use stimulants and other medications labeled for treatment of attention-deficit/hyperactivity disorder (ADHD). These agents can increase heart rate and blood pressure, raising concerns about their cardiovascular safety.
ADHD diagnoses is likely the primary cause of increased prescribing, 3, 4 although stimulants also are approved for treatment of narcolepsy 5 and may be used off-label to treat obesity 6 and fatigue related to depression, 7 stroke, 8 or traumatic brain injury. 9 Adults with ADHD are commonly treated with the stimulant classes methylphenidate and amphetamine and increasingly with a nonstimulant agent, atomoxetine.
Placebo-controlled studies in children and adults indicate that stimulants and atomoxetine elevate systolic blood pressure levels by approximately 2 to 5 mm Hg and diastolic blood pressure levels by 1 to 3 mm Hg and also lead to increases in heart rate. 10, 11 Although these effects would be expected to slightly increase risk for myocardial infarction (MI), sudden cardiac death (SCD), and stroke, 12 clinical trials have not been large enough to assess risk of these events.
In a summary from the FDA Adverse Event Reporting System, cardiac arrest, MI, and sudden unexplained death were among the top 50 adverse events reported after use of amphetamines and methylphenidate.
2 Although 1 study among children suggested markedly elevated risks of SCD, 13 cardiovascular safety data from pharmacoepidemiologic studies are limited and inconsistent, [13] [14] [15] [16] especially among adults. 17, 18 The aim of this study was to examine whether current use of medications used primarily to treat ADHD is associated with increased risk of MI, SCD, or stroke in adults aged 25 through 64 years. Study drugs included all agents with a labeled indication for treatment of ADHD in either children or adults as of December 31, 2005 .
METHODS
The study was conducted in parallel with a study of ADHD drug use and serious cardiovascular events in youths aged 2 through 24 years. 19 
Data Sites
Study sites included Vanderbilt University (Tennessee State Medicaid data), Kaiser Permanente (KP) California (northern and southern KP regions), Optum Insight Epidemiology (data from a large health insurance plan), and the HMO Research Network (Harvard Pilgrim Health Care; Fallon Community Health Plan; Group Health Cooperative of Puget Sound; HealthPartners; KP Georgia; KP Northwest; and KP Colorado). The selected sites provide geographic and sociodemographic diversity and have similar computerized data structures.
Thestartdatefortheavailabilityofcomputerized data differed across study sites, ranging from 1986 to 2002. Follow-up concluded at the end of 2005 so that mortality searches could be conducted using complete state death records and the National Death Index. The study was approved by the institutional review boards ofeachparticipatinginstitutionandbythe FDA Research in Human Subjects Committee. The requirement for participant informed consent was waived.
Study Participants
Eligible individuals were aged 25 through 64 years with at least 12 months of continuous health plan coverage and pharmacy benefits before cohort entry (time zero). Individuals were excluded if they had 1 or more of the following diagnoses (based on International Classification of Diseases, Ninth Revision or International Classification of Diseases, Tenth Revision [ICD-10] codes) within 365 days before cohort entry: sickle cell disease, cancer (other than nonmelanoma skin cancer), human immunodeficiency virus infection, organ transplant, liver failure/hepatic coma, end-stage renal disease, respiratory failure, or congestive heart failure. When these diagnoses occurred after cohort entry, follow-up time was censored.
At each contributing site, we assembled the eligible members and periods when all eligibility criteria were met. For each exposed period (ie, at least 1 ADHD prescription), starting with the earliest, we randomly selected 2 unexposed periods from all members with no ADHD medication use at cohort entry and the same sex and birth year.
Study Medications and Exposure Categories
Medication use was based on prescription fills from electronic pharmacy records. ADHD medications included stimulant-class medications (methylphenidate, amphetamines, pemoline) and atomoxetine, a selective norepinephrine reuptake inhibitor. Amphetamines included dextroamphetamines and amphetamine salts. Although infrequently used and not structurally similar to the other stimulants, pemoline was included because of its labeled indication for ADHD. Each person-day of follow-up was classified into mutually exclusive exposure categories according to ADHD drug use, based on prescription dispensing dates and days supply.
Current use was defined as the period between prescription start date and end of days supply (including up to a 7-day carryover from previous prescriptions). Indeterminate use was the first 89 days after end of current use. Former use began at 90 days after end of current use and ended at 364 days after last current use. Greater than 364 days since end of last days supply was considered remote use. Nonuse referred to person-days with no current use and no past use (back to 365 days before cohort entry). Past users and nonuserscouldbecomecurrentusersduring follow-up; when this occurred, their person-time was classified as described above. Less than 1% of nonusers became users after baseline. Current use was further categorized based on specific medications(amphetamines,methylphenidate, atomoxetine, multiple ADHD drugs, or pemoline) and on prespecified duration categories (1-30 days, 31-90 days, 91-182 days, 183-365 days, Ն366 days).
We consider current use the most etiologically relevant exposure. Risk during current use was compared with risk during nonuse. In addition, to account for potential selection bias or unmeasured confounding that could arise from users being more or less healthy than nonusers, we restricted some analyses to ever users of ADHD medications. These analyses compared rates during periods of current use with rates during periods 365 days or more after use ended (ie, remote use). These analyses are less influenced by potential confounders that are unmeasured and stable over time, but analyses assume no medication effects that remain after discontinuation.
Study End Points
Potential end points were identified from claims and vital records (diagnoses and ICD codes provided in eTable 1, available at http://www.jama.com). For members with death not identified from these sources and whose health plan enrollment ended prior to end of study period, we performed National Death Index searches.
Medical records, including hospitalizations, reports from emergency medical services, autopsies, and death certificates, were requested for all potential SCDs (n=411) and strokes (n=980) and for a random 31% sample of potential MIs (n=433) for assessment by trained adjudicators (primary care physicians for MI and SCD, neurologists for stroke).
Of the 371 MI cases with sufficient records available, 353 (95%) were confirmed by adjudication. Myocardial infarction was defined as an acute event involving hospitalization with characteristic changes in cardiac enzyme levels and either symptoms or characteristic electrocardiographic changes. 20, 21 Sudden cardiac death was defined as witnessed sudden death in a community setting, preceded by typical symptoms of cardiac ischemia. Deaths were excluded when documentation suggested a noncardiac cause (eg, motor vehicle crash) or if clinically severe heart disease was present and sudden cardiac death was not unexpected (eg, end-stage congestive heart failure). Stroke was defined as an acute neurologic deficit of sudden onset that persisted more than 24 hours, corresponded to a vascular territory, and was not explained by other causes such as trauma, infection, vasculitis, extracranial hemorrhage leading to hypotension, or profound hypotension from another cause. Strokes that occurred during a hospitalization were excluded.
All MIs, other than those determined by adjudication to be noncases (n=18), were included in analyses. For potential SCD cases without available or adequate hospital or autopsy records (n = 203), we used an ICD-9/ ICD-10 code-based definition with a previously reported positive predictive value of 86%. 22 SCD cases based on the code-based definition (n=157), as well as those confirmed by clinical adjudication (n=139), were included in primary analyses. For potential strokes with insufficient hospital or autopsy records for clinical adjudication (n=179) or for which records were unavailable (n = 69), we used a codebased definition to identify probable strokes. Probable strokes had ICD-9/ ICD-10 codes with a positive predictive value of 80% or greater, based on those strokes for which records were available. Strokes confirmed by adjudication (n = 451) and those with insufficient records meeting the diagnostic code-based definition (n=124) were included as events in primary analyses (eTable 2A and B). In secondary analyses, we included all electronically identified SCDs or strokes except those confirmed as nonevents by adjudication.
Confounders
To control for potential differences in cardiovascular disease (CVD) risk between exposed and unexposed individuals, we constructed a summary cardiovascular risk score (CRS). 23, 24 The CRS was based on inpatient and outpatient diagnoses (from claims or encounter databases) and pharmacy records and included CVD and medications, mental health conditions (excluding ADHD) and use of psychotropic medications, other health conditions (eg, diabetes mellitus, obesity, smoking-related) and medications, and health care utilization (TABLE 1 and eTable 3).
For each end point (MI, SCD, stroke, or any serious cardiovascular event), a separate score was created from a Poisson regression model among all patients, adjusted for ADHD medications and matching variables (age, sex, data site, calendar year at cohort entry). The score was the linear predictor from the coefficients of the resulting regression model, excluding the coefficients for ADHD medications and the matching variables.
In primary analyses, several CRS variables not thought to be on the causal pathway between medication use and our outcomes were treated as time varying (eTable 3). In secondary analyses, all CRS variables were based on diagnoses or medication use in the 365 days prior to cohort entry and fixed at baseline. For the new-user analyses, we used the CRS for comparisons of current vs remote use and constructed a propensity score 25 for current vs nonuse of ADHD medications at cohort entry, using variables included in the CRS.
Unmeasured Confounders
To examine the possible extent and direction of unmeasured confounding by risk factors for CVD on which information was not or was inconsistently available in the electronic health care records, we conducted sensitivity analyses using information on potential confounders from 2 sources. Race/ ethnicity, smoking, obesity, history of CVD, and drug abuse were obtained from the adjudicated records of MI, SCD, and stroke cases. In addition, race/ ethnicity, income, education, smoking, obesity, and family history of CVD were available for approximately 200 000 KP Northern California members aged 25 through 64 years who completed a mailed survey for a different study in 2007 (eMethods). Electronic pharmacy records for ADHD medications were obtained for survey participants.
We used multivariable logistic regression to examine the association between potential confounders (from either survey or chart reviews) and use of ADHD medications. For variables associated with use of ADHD medications, we assessed the extent of their potential confounding effect on rate ratios (RRs) for MI, SCD, or stroke associated with ADHD medications, using external adjustment methods. [26] [27] [28] This approach assumed that associations in our study population were similar to those in our external samples and did not address joint confounding by several unmeasured covariates.
Statistical Analysis
Follow-up began at cohort entry and ended at 1 of the 4 end points (MI, SCD, stroke, or any of these serious cardiovascular events), death, end of insurance coverage or pharmacy benefit, day before 65th birthday, or end of study period (December 2005), whichever came first. Poisson regression was used to estimate the association of ADHD medication use with risk of serious cardiovascular events, while adjusting for potentially confounding variables. Covariates in the full model included study site, age (5-year dummy categories), sex, calendar year (1986-1992, 1993-1999, 2000-2001, 2002-2003, 2004-2005) , and CRS (specified as decile dummies). Matching variables (site, age, sex, calendar year at cohort entry) were included in the full model because, although matching ensured balance with respect to these variables at baseline, it did not ensure balance during follow-up.
To minimize biases related to underascertainment of events occurring early in therapy, 29 we also conducted analyses restricted to new users of ADHD medications (no use in the year prior to baseline). In these analyses, risk during periods of current use was compared with risk during periods remote from last use. Current use among new users also was compared with nonuse (in their matches).
To examine whether associations could be influenced by prior disease conditions, we conducted subgroup analyses. In one analysis, users were restricted to those with a prior diagnosis of ADHD and compared with matched nonusers. Additional subgroups were based on prior CVD, prior non-ADHD psychiatric diagnoses or medication use, age (25-44 vs 45-64 years) during follow-up, and data site.
When examining rates of any serious cardiovascular event in the full cohort, we had 80% power to detect RRs of 1.23 for current use vs nonuse and 1.30 for current use vs remote use. In new-user analyses, the least detectable RRs were 1.31 for current use vs nonuse and 1.38 for current vs remote use. All analyses were performed using SAS version 9.1. For all RR estimates, 95% confidence limits were reported.
RESULTS
The study included a total of 443 198 adults, of whom 150 359 were users of ADHD medications at baseline. Methylphenidate accounted for 45% of current use; amphetamine, for 44%; atomoxetine, for 8%; and pemoline, for 3%.
Characteristics of Study Population
Baseline characteristics of users and nonusers are reported in Table 1 ; characteristics of person-time by medication use are reported in eTable 3. Cardiovascular diseases were generally uncommon and similar or modestly more prevalent in users than nonusers. As expected, ADHD was substantially more common among current users than nonusers. This also was true for other psychiatric conditions. The prevalences of cardiovascular risk factors were modestly higher during periods of remote use than during periods of current use or nonuse. In analysis adjusted for matching variables only, the RR of MI, SCD, or stroke for current vs nonuse of ADHD medications was 0.97 (95% CI, 0.84-1.12). After also adjusting for the CRS, the RR was modestly lower (0.83 [95% CI, 0.72-0.96]). Results were similar for specific medications and across end points (FIGURE 1 and eTable 4) . Rate ratios also were similar for ischemic or hemorrhagic stroke (eTable 5A and B). Findings for SCD and stroke changed only minimally when all electronically identified cases were included except those adjudicated as noncases (eTable 6A and B). Overall results were essentially unchanged when all variables in the CRS were fixed at baseline (eTable 7). 
Number of Events and RRs in the Full

New-User Analyses
In the new-user cohort, baseline characteristics of new users of ADHD medication were generally similar to characteristics of all ADHD medication users (eTable 8). Cardiovascular diseases were similar or slightly more prevalent in new users than nonusers. ADHD and other psychiatric conditions were substantially more common in new users than in nonusers. In the new-user analyses, RRs for current vs remote use were close to 1.0 for MI, stroke, and the combined end point (TABLE 3) . Although not statistically significant, RRs for methylphenidate were 1.26 (95% CI, 0.88-1.80) for MI, 1.44 (95% CI, 0.90-2.30) for stroke, and 1.20 (95% CI, 0.91-1.59) for the combined end point-somewhat higher than the RRs for the other drugs.
For the combined end point, there was no pattern of increasing risk with increasing duration of current use or for any window of time. For current use (all durations combined) vs remote use, the RR for the combined end point was 1.02. The upper bound of the CI was 1.28; this would amount to an additional 0.19 events per 1000 person-years at ages 25 through 44 years and an additional 0.77 events per 1000 person-years at ages 45 through 64 years.
Subgroup Analyses
Rate ratios were similar in all subgroup analyses (FIGURE 2 and eTable 9). Although we did observe differences in event rates, cohort characteristics, and RRs by data site, RRs for current use were not statistically significantly elevated at any site (eTables 10, 11, and 12).
Sensitivity AnalysesUnmeasured Confounding
Information from review of medical records of MI, SCD, and stroke cases and the external survey population suggested that several factors (obesity, smoking, family history of CVD) were not or were only very weakly associated with use of ADHD medications and there- fore were unlikely to be important confounders. However, in these data, users of ADHD medications more often had some college education compared with nonusers (17% vs 10%, adjusting for age). In addition, 5% of the stimulant users were black or Hispanic vs 12% of the nonusers. If similar patterns for race/ ethnicity and education were also present in our full study cohort, and if each of these characteristics independently multiplied the risk of serious cardiovascular events by 2.4, then these 2 unmeasured factors would yield a healthyuser bias substantial enough to account for an apparent RR of 0.83 (as in our comparison of current use vs nonuse), given a true RR of 1.0.
COMMENT
In our population-based cohort of more than 440 000 young and middle-aged adults, including more than 150 000 users of ADHD medications identified through filled prescriptions, we found no evidence of an increased risk of MI, SCD, or stroke associated with current use compared with nonuse or re- mote use of ADHD medications. We also found little support for an increased risk with any specific medication or with longer duration of current use. Results were similar when users were restricted to new users. Rate ratios did not appear to be influenced by prior CVD or by prior non-ADHD psychiatric conditions. They also were similar across age groups. As expected, event rates were substantially higher in the Medicaid population; however, the RR for current use was similar to that in other sites.
Our study has several limitations. Use of ADHD medications was based on electronic pharmacy records of filled prescriptions. Filled prescriptions may 30 We did not obtain dose data and therefore could not examine if risk varied by this factor. Although we used a strict definition of current use, minimizing misclassification of this exposure, we had limited ability to assess medication adherence using standard definitions. Despite its large size, the study had only moderate power for several comparisons, including current vs remote use in the new-user analyses and in comparisons for individual drugs. The study did not include adults 65 years and older; therefore, results cannot be generalized to this age group.
We reviewed medical records and death certificates to confirm SCD and stroke diagnoses. However, records were unavailable for some of our electronically identified cases. We used an ICD-9/ICD-10 code-based definition for these cases, and misclassification of some cases may have occurred. If nondifferential with respect to ADHD medication use, this misclassification would bias RRs toward the null.
The accuracy of ADHD diagnoses in adults from claims and encounter databases is limited. However, previous studies have validated ICD 9/ICD-10 code-based definitions of many important covariates, including diabetes, congestive heart failure, peripheral vascular disease, and hypertension, reporting positive predictive values exceeding 90% for each condition. [31] [32] [33] Although we adjusted for numerous established and potential cardiovascular risk factors, there were some factors, primarily psychiatric conditions and medications, for which the prevalence was substantial in users of ADHD medications but rare in nonusers. Thus, we had limited ability to adjust for these variables. Important residual confounding by psychiatric conditions and medications seems unlikely, because most are not established risk factors for CVD, they were not or were only modestly related to risk in our cohort, and results were similar when we restricted analyses to participants with or to those without these psychiatric conditions or medication use.
There appears to be a modest amount of healthy-user bias influencing our RR comparisons of current use vs nonuse. Results are less prone to this bias when analyses are restricted to ever users of ADHD medications, and we compared periods of current use with follow-up periods remote from use. In these comparisons, the RR for serious cardiovascular events was 1.03 in the full cohort and 1.02 in new users, indicating that the incidence of these events while currently receiving ADHD medications is similar to the incidence during periods while not receiving these medications. In sensitivity analyses, we saw evidence for 2 potential sources of a modest amount of healthy-user bias: a higher percentage of users were white and college educated.
Clinical trials have provided limited information on the cardiovascular safety of ADHD medications, primarily because these trials have been too small to evaluate serious events such as MI, SCD, or stroke. 34, 35 Postmarketing surveillance data from the Adverse Event Reporting System 2 and from the National Electronic Injury Surveillance System 36 have suggested a potential elevation in risk of serious cardiovascular events. However, with these surveillance systems, which capture only a small percentage of adverse events, false signals may occur if clinicians suspect, and are thus more likely to report, adverse events for a particular drug.
The findings of the current study were similar to those of our parallel study in youths aged 2 through 24 years, in which we found no evidence of increased risk for serious cardiovascular events in current users of ADHD medications compared with nonusers. 19 To our knowledge, only 2 pharmacoepidemiologic studies of ADHD medications and CVD in adults have reported results. 17, 18 These studies, which were substantially smaller than ours, used electronic pharmacy records and medical encounter data, with similarly limited information on some potentially important risk factors. In one study, users of ADHD medications had a more than 3-fold higher rate of transient ischemic attacks but a 30% lower rate of cerebrovascular accidents, although the latter was not statistically significant. 17 In contrast, no increase in SCDs among children, adolescents, or young adults was observed in a second cohort study conducted in the General Practice Research Database. 18 In conclusion, in this cohort of young and middle-aged adults, current or new use of ADHD medications identified from filled prescriptions, compared with nonuse or remote use, was not associated with an increased risk of serious cardiovascular events. A modestly elevated risk cannot be ruled out, given limited power and a lack of complete information on some potentially important risk factors and other factors related to use of these medications.
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